selected clinical variables in type 2 diabetic patients. Using tissue Doppler echocardiography, 82 type 2 diabetic patients were evaluated, divided into two equal groups of E m < 7.5 cm/s or ≥ 7.5 cm/s. Patients with E m < 7.5 cm/s had significantly lower E/A and E m /A m , and higher E/E m values. Multilinear regression showed a negative correlation between E m and glycated haemoglobin (Hb A1c ) and duration of diabetes, a negative correlation of E m /A m with age, duration of diabetes and Hb A1c , and a positive correlation of E/E m with age, duration of diabetes and use of diuretics. The E/A ratio only correlated negatively with age. It is concluded that E m is a reliable parameter of diastolic function, and that the tissue Doppler parameters of diastolic function are associated with diabetes compensation and diabetes duration.
Introduction
Left ventricular diastolic dysfunction can lead to congestive heart failure, 1 and is more common and more pronounced in diabetic patients than in non-diabetic healthy individuals. 2 In asymptomatic diabetic patients with no history of cardiac disease, diastolic function abnormalities can frequently be attributed to hypertension. 3, 4 Previous studies have shown diastolic dysfunction to be more frequent and severe in normotensive type 2 diabetic patients J Charvát, J Chlumský, P Šváb et al. Diastolic function parameters in type 2 diabetic patients than in non-diabetics, 5 -7 although there are also reports that do not support this conclusion. 8 Overall, this suggests that the effect of diabetes on diastolic function has not yet been fully elucidated. 9 Tissue Doppler imaging (TDI) is a noninvasive method for evaluating diastolic function that seems to be more reliable than pulse Doppler imaging. 10 Tissue Doppler derived myocardial early diastolic relaxation velocity (E m ) is a non-invasive parameter of diastolic function that is independent of haemodynamic changes and, therefore, is recommended as a good estimate of actual diastolic relaxation of the left ventricle. 11 The aim of the current study was to evaluate the impact of E m on other frequently used diastolic parameters. These include E/E m , E m /A m and E/A, where E is preload dependent transmitral early diastolic velocity, E m is tissue Doppler derived myocardial early diastolic velocity, A m is tissue Doppler derived myocardial late diastolic velocity, and A is preload dependent transmitral late diastolic velocity. The relationship of these diastolic function parameters to age, gender, body mass index (BMI), history of hypertension, type and duration of diabetes, mass of the left ventricle, systolic and diastolic blood pressure, and hypertension treatment was evaluated in type 2 diabetic patients with blood pressure < 135/85 mmHg.
Patients and methods

PATIENTS
Consecutive type 2 diabetic patients who attended the Outpatient Clinic of the Medical Department of the Faculty Hospital in Prague Motol, Czech Republic and had a clinical history of at least 3 months with a normal blood pressure of < 135/85 mmHg were enrolled. Patients with a history of cardiovascular complications (myocardial infarction, cerebrovascular attack or invasive procedure on coronary or carotid arteries, history of cardiac failure), left ventricular ejection fraction < 55% and abnormal regional contractility were excluded. Written informed consent was obtained from all patients prior to participation. The study was approved by the Ethics Committee of the Faculty Hospital in Prague Motol and followed the Helsinki protocol.
STUDY DESIGN AND MEASUREMENTS
Patients were divided into two equal groups, based on E m < 7.5 cm/s or ≥ 7.5 cm/s, performed to keep the age and gender of both groups comparable. Blood pressure was measured by a sphygmomanometer three times at 5 min intervals with the patient in a sitting position after 10 min rest. Medication used for diabetes and hypertension (if present) was recorded.
Echocardiographic examinations were performed with the SONOS 7500 ultrasound system (Phillips Ultrasound, Andover, MA, USA). Left ventricular mass (in grams) was calculated by the equation For the measurement of glycated haemoglobin (Hb A1c ) 2 ml of blood was collected in the morning in Vacuette tubes containing iron sodium fluoride and tripotassium ethylenediaminetetra-acetic acid.
Measurement was by highperformance liquid chromatography J Charvát, J Chlumský, P Šváb et al. Diastolic function parameters in type 2 diabetic patients (normal range 4 -6%), using a Merck-Hitachi L-9100 analyser (Merck, Darmstadt, Germany). Serum creatinine was measured by the enzymatic method of Fossati et al. 12 using an ADVIA ® 1800 chemistry system (Siemens Medical Solutions Diagnostics, Tarrytown, NY, USA).
STATISTICAL ANALYSIS
Statistical analysis was performed using the Student's t-test and the χ 2 test. The correlation of diastolic parameters with clinical variables (age, gender, BMI, history of hypertension, left ventricular mass , serum creatinine, Hb A1c , systolic and diastolic blood pressure, type of treatment of diabetes and hypertension) was evaluated by multilinear regression using methods of orthogonal projections to latent structures. Values of P < 0.05 were considered statistically significant.
Results
Patient demographics and characteristics are shown in Table 1 . A total of 82 type 2 diabetic patients (aged 50 -75 years, mean age 61 years) were recruited and equally divided into two groups according to E m : 41 patients with E m < 7.5 cm/s and 41 patients with E m ≥ 7.5 cm/s. No statistically significant differences were found between the two groups in most characteristics, except for diabetes compensation, as measured by Hb A1c (P = 0.023), and duration of diabetes (P = 0.017). The distribution of diabetes and hypertensive treatments between the two groups is summarized in Table 2 and showed no statistically significant between-group differences.
In diabetic patients with E m < 7.5 cm/s, E m /A m and E/A were statistically significantly lower (P < 0.001 and P = 0.007, respectively) and E/E m was statistically significantly higher (P < 0.001) compared with patients with E m ≥ 7.5 cm/s ( Table 3) . A total of 60.9% (25/41) of patients in the E m < 7.5 cm/s group compared with 19.5% (8/41) in the E m ≥ 7.5 cm/s group had a E/E m ratio > 10.
The results of the multilinear regression analysis showed statistically significant negative associations between E m and Hb A1c (P < 0.01) and between E m and duration of diabetes (P < 0.01) ( J Charvát, J Chlumský, P Šváb et al. Diastolic function parameters in type 2 diabetic patients showed significant negative correlation with age (P < 0.05), Hb A1c (P < 0.01) and duration of diabetes (P < 0.01), and the E/E m ratio showed significant negative correlations with age, duration of diabetes and diuretic use (all P < 0.01). The E/A ratio significantly negatively correlated only with age (P < 0.01).
Discussion
Diastolic dysfunction is common in type 2 diabetic patients and can lead to chronic heart failure even in those with normal systolic function. 1, 2 Hypertension and diabetes are related to diastolic dysfunction in asymptomatic diabetic patients, 2,3 and both these symptoms occur in 70% of type 2 diabetes mellitus cases. 13, 14 The diagnosis of diastolic dysfunction in clinical practice depends on echocardiographic examination, 1 a Some patients received more than one type of hypertension treatment. All treatments showed no statistically significant between-group differences (P > 0.05). PAD, peroral antidiabetics; ACE, angiotensin-converting enzyme. J Charvát, J Chlumský, P Šváb et al.
Diastolic function parameters in type 2 diabetic patients
Because of its relative independence from any preload effect, E m seems to be a reliable index of myocardial relaxation 15 and is significantly correlated with tau, the constant of isovolumic relaxation measured by cardiac catheterization. 11 Normal values of E m are age-related: the mean normal value in patients aged 50 -59 years is 8.8 cm/s, in patients 60 -69 years old it is 7.7 cm/s and in patients > 70 years old it is 7.5 cm/s. 16 Since the patients in the present study ranged in age from 50 to 75 years a value of E m < 7.5 cm/s was considered to be connected with abnormal left ventricular relaxation.
Since age, gender and BMI of the patients in the present study were comparable between the two groups (E m < 7.5 cm/s and E m ≥ 7.5 cm/s), the relationship of E m to E/A, E/E m and E m /A m could be evaluated. It was found that a E m < 7.5 cm/s was connected with a lower E m /A m and E/A and a higher E/E m compared with E m ≥ 7.5 cm/s. A E/E m ratio > 10 is predictive of an increase in capillary wedge pressure 16 and the E/E m ratio was > 10 in 60.9% of patients in the E m < 7.5 cm/s group compared with 19.5% in the E m ≥ 7.5 cm/s group. The pulse Doppler parameter, E/A, correlated only with mean patient age, supporting previous studies that have shown the superiority of tissue-derived Doppler echocardiography over pulse echocardiography. 10 Hypertension is known to affect left ventricular diastolic function and its parameters, 3, 4, 17 but can be well controlled by antihypertensive treatment, with a blood pressure of 130/85 mmHg being reached by a majority of patients. All participants in the present study had normal blood pressure, however 80% were treated with antihypertensive drugs. Diabetes compensation was also associated with diastolic function in previous studies examining asymptomatic normotensive diabetic patients. 18 -20 No correlations of diastolic parameters were noticed with left ventricular mass index either with systolic and diastolic blood pressure in spite of most patients in the present study undergoing treatment for hypertension. This could be explained by the fact that blood pressure in all the patients was < 135/85 mmHg.
The positive correlation between E/E m and the use of diuretics found in the present study could be explained by subclinical overhydration in some diabetic patients since the best method of blood pressure normalization in such patients is diuretic 
